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Electron Elackscatter Diffraction of Plutonium-Gallium Alloys 
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Abstract 

At: 1-0s Alarnos National Labciratory a recent experimental technique has been developed to 
characterize reactive metals, including plutoniurn arid cerium, using electron backscatter diffraction 
(EBSD). Microstructural characterization of plutonium and its alloys by EBSD had been previously 
elusive prirnarily because of the extreme toxicity arid rapid surface oxidation rate associated with 
plutonium metal, The experimental techniques, which included ion-sputtering the metal surface 
using a scanning auger microprobe (SAM) followed by vacuum transfer of the sample from the 
SAM to Ihe scanning electron microscope (SEM), used to obtain electron backscatter diffraction 
Kikuehi patterns (EBSPs) and orientation maps for plutonium-gallium alloys are described and the 
initial microstructural observations based on the analysis are discussed. Combining the SEM and 
EBSD observations, the phase transformation behavior between the 6 and E structures was 
explained. This demonstrated sample preparation and characterization technique is expected to 
be a powerful means to further understand phase transformation behavior, orientation 
relationships, and texlure in the complicated plutonium alloy systems. 
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-Vacuum transfer of sample to SE*M 
Results 

Sputtering effects on microstructure 
EBSD images 
Microstructural Evolution 
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Ga (at.%) Peterson and Kassner 198%. 

Small Ga additions of a few atomic percent form a solid solution that 
The Pu-Ga alloy’s thermal h i s t ~ ~  is highlighted. 

is retained to RT. 



Courtesy of Ramiro Pererya, LANL 

After homogenization, the &phase grain size was -5Opm. Pu,Fe was primarily 
located at grain boundaries and triple points. Smaller contaminates were 
located throughout. 
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Arrows indicate transformed regios. 



* ZGVolts, 3OOm.A 
Punched to 3mm diameter 
Placed onto specially 
designed puck in preparation 
for ion-sputtering 



High Magnification 



In the SAM, the sample is tilted so that it can be viewed in SEM mode 
and also sputtered at a variety of angles and conditions. 



1 5 O  wrt sample surface 
Initial run: 4KeV, lhr, 3mm x 3mm, 5.5pA 

Finishing step: 500eV, lhr, 2mm x 2mm 
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The large C and 0 peaks observed in the as-electropolished condition were 
minimized &wing &e Ar ion-sputtering procedures. 
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The large C and 0 peaks observed in the as-electropolished condition were 
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Sputtering increased the grain boundary contrast and the distribution of 
protrusion heights suggested that subsurface impurities were exposed as the 
depth of metal removed increased. 
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Sputtering increased the grain boundary contrast and the distribution of 
protrusion heights suggested that subsurface impurities were exposed as the 
depth of metal removed increased. 
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Minimizing sputtering reduces surface topography and improves EBSD 
Orientation map quality. 



Electropolished TEM foils can be used for EBSD, 











SPS were c :ured for several &phase gs 



- Boundary levels: 15" 5" 
10.00 prn = 10 steps IPF [002] 

[OOI] inverse pole figure map 

Normal-direction inverse pole figure maps for two different regions of the sample where 
the colors represent the sample's normal direction indexed to the fcc unit triangle 

B our;c?arie s: Rotation Angle 
Min Max Fraction - - -  - c -= 
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*For statistics - any point pair with misorientation 
exceeding 2" is considered a boundary 

the colors represent the sample's normal direction indexed to the fcc unit triangle 
$g 



Gray Scale MapType: <none> 

Color Coded MapType.lnverse Pole Figure [OOl]  
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*For statisbcs - an], point pairwlrh misonentation [OOI] inverse pole figure map 
exceeding 2' is considered a boundary 

Normal-direction inverse pole figure maps for two different regions of the sample where 
the colors represent the sample's normal direction indexed to the fcc unit triangle 



Boundary levels: " O  5" 
10.90 pm = 10 steps IPF [OOl] 
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An orientation map where the orientation component of the marked grains (*) is 
highlighted by color according to the discrete pole figures. 



orientation relationship exists. 


